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造提出了更严苛的标准。而其中 IC 芯片的压合是 LCD 模组段 为关键的生产制
程，如何确保每一件出给客户的产品都具有良好的压合品质是 TFT LCD 模组段生
产制造面临的一个挑战。此前采用人工搭配高倍显微镜抽检产品品质的生产模式
已经不能适应现在的品质标准（车载面板客户要求不良小于 50DPPM）。故在产
品品质检验中导入自动检测机台已经成为保证 LCD 面板 IC 芯片压合品质的必然
趋势。本文基于韩国 Sekwang 的自动光学检测机台为基础，展开自动光学检测在
IC 芯片压痕检测应用的研究。 










































The requirement of higher display quality from end users is promoting the 
development of display technology. Features of high resolution, high brightness, and 
high contrast of TFT-LCD are putting forward more and more rigorous requirement to 
the manufacture of TFT module. And the IC & FPC bonding is the most critical 
process in the TFT-LCD module.It will be a big challenge to ensure every product 
which is delivered to customer has good bonding quality. The mothed of manually 
using Microscope to check product quality could not meet the high quality 
requirement now days, (Defect rate is required below 50 DPPM in the Automotive 
Industry). So it is extremely necessary to import a type of automatic inspection 
machine for IC&FPC bonding quality inspection,to make sure all the product that 
shipped to customer have a good performance of bonding quality. Cooperating with 
Sekwang Technology Corp., research and application of bonding quality inspection 
were taken out to develop the automatic optical inspection machine. 
Firstly, we take an overview of TFT-LCD development status and introduce the 
TFT-LCD module production process, then indicate the importance of bonding quality, 
and the reason why an automatic inspection machine should be developed for the 
bonding quality inspection—because there is only a sampling inspection for the 
product which was taken by operator using microscope in the current 
process.According to process requirement, after some analysis and research,we put 
forward a total solution of hardware&software for automatic optical inspection 
machine. 
Secondly, we introduce the hardware structure of the inspection machine; 
describe the working principle of each hardware module, and the relationship between 
different function modules. Per the requirement of actual operating in the process, two 
running modes of are designed for production line, one is inline automatic inspection 















Thirdly, we take some DOE experiments to determine which the key factors are, 
that can affect the inspection performance. Then use the analysis method of RSM to 
get the optimal parameters of key factors. As the inspection machine is a measure 
tool/machine, we do the MSA (Measurement system analysis) to verify the ability of 
bonding quality measuring, including linear ability, stability, repeatability and 
reproducibility.  
Lastly, we implement the auto optical inpection machine in the production line to 
test the actual capability of bonding quality inspection.The data of overkill rate and 
leakage rate shows that the machine is competent in this area.It is significative and 
important to make it happen in the TFT-LCD module process. 
 
















第一章 绪 论 ............................................................................................ 1 
1.1 引言................................................................................................................................... 1 
1.2 课题研究的来源及意义 ................................................................................................... 5 
1.3 本文研究内容 ................................................................................................................... 5 
第二章 系统硬件平台设计 ...................................................................... 7 
2.1 硬件架构需求分析 ......................................................................................................... 7 
2.2 硬件平台结构 ................................................................................................................. 9 
2.2.1 搬送手臂机构原理 ............................................................................................. 9 
2.2.2 检测平台机构原理 ........................................................................................... 11 
2.2.3 对位 CCD 位置补偿 ........................................................................................... 13 
2.2.4 压痕检测单元结构和原理 ............................................................................... 13 
2.2.5 高度检知模块高度补偿原理 ........................................................................... 17 
2.3 控制架构及原理 ........................................................................................................... 19 
2.4 本章小结 ....................................................................................................................... 20 
第三章 系统软件架构 ............................................................................ 21 
3.1 软体需求分析 ............................................................................................................... 21 
3.1.1  自动生产模式 ................................................................................................... 22 
3.1.2  手动调整模式 ................................................................................................... 22 
3.2 检测软体参数设计 ....................................................................................................... 23 
3.3 人机界面 ....................................................................................................................... 27 
3.4 本章小结 ....................................................................................................................... 29 
第四章 自动光学检测的应用设计 ........................................................ 30 
4.1 检测参数设计 ............................................................................................................... 30 
4.1.1 检测参数说明 ................................................................................................... 30 
4.1.2 关键因子实验设计 ........................................................................................... 31 
4.1.3 检测参数 优化 ............................................................................................... 35 
4.2 光学检测能力验证 ....................................................................................................... 39 
4.2.1 检测能力偏倚验证 ........................................................................................... 39 
4.2.2 检测能力方差验证 ........................................................................................... 43 
4.3 生产线体设计 ............................................................................................................. 45 
4.4 本章小结 ..................................................................................................................... 47 
第五章 生产实践过程控制 .................................................................... 48 
5.1 自动光学检测机安装 ................................................................................................. 48 
5.2 自动检测机实际生产运用 ......................................................................................... 50 















5.2.2 漏检与过筛改善 ............................................................................................... 51 
5.3 自动光学检测机的检测局限性 ................................................................................. 52 
5.4 本章小结 ..................................................................................................................... 53 
第六章 工作总结与展望 ........................................................................ 54 
6.1 工作总结 ..................................................................................................................... 54 
6.2 展望 ............................................................................................................................. 55 
参考文献 .................................................................................................. 56 
















Chapter 1 Introduction ................................................................................................... 1 
1.1 Preface ............................................................................................................... 1 
1.2 Source and the signaficance of paper research ................................................. 5 
1.3 Content of the paper research ........................................................................... 5 
Chapter 2 Designing of the hardware system ................................................................ 7 
2.1 Requirement analysis of the hardware  ............................................................. 7 
2.2 Structure of the hardware platform ................................................................... 9 
2.2.1 Principle of transfer arm ........................................................................ 9 
2.2.2 Principle of detection stage .................................................................. 11 
2.2.3 CCD for pre-alignment of stage position ............................................. 13 
2.2.4 Structure and Principle of inspection module ...................................... 13 
2.2.5 Auto focus unit ..................................................................................... 17 
2.3 Structure of system control .............................................................................. 19 
2.4 Chapter Summary ............................................................................................ 20 
Chapter 3 Framework of the software system ............................................................ 21 
3.1 Requirement analysis of the software .............................................................. 21 
3.1.1 Inline auto inspection mode ............................................................................ 22 
3.1.2 Offline manual maintain mode ...................................................................... 22 
3.2 Design of inspection software ................................................................................... 23 
3.3 Interface .......................................................................................................................... 27 
3.4 Chapter Summary ........................................................................................... 29 
Chapter 4 Application design of auto optical inspecton ............................................. 30 
4.1 Design of inspection parameter ................................................................................. 30 
4.1.1 Description of inspection parameter ............................................................. 30 
4.1.2 Key factor of inspecton parameter ................................................................. 31 
4.1.3 Parameter optimization .................................................................................... 35 
4.2 Capability verification of optical inspection .......................................................... 39 
4.2.1 Bias verification ................................................................................................ 39 
4.2.2 Variance verification ............................................................................. 43 
4.3 Design of production line ........................................................................................... 45 
4.4Chapter Summary .......................................................................................................... 47 
Chapter 5 Process control ........................................................................................... 48 
5.1 Setup of auto optical inspection machine ........................................................ 48 
5.2 Practice stage of inspection machine ............................................................... 50 
5.2.1 Overkill rate and leakage rate ............................................................... 50 
5.2.2 Improvement of overkill and leakage ........................................................... 51 















5.4 Chapter Summary ............................................................................................................. 53 
Chapter 5 Summary and prospecting of the paper ...................................................... 54 
6.1 Work Summary .............................................................................................................. 54 
6.2 Expectation ..................................................................................................................... 55 
















第一章 绪 论 
1.1 引言 




sub-pixel 都需要独立的开关控制电路与显示强度控制电路（如图 1-2）。 
 
         
   
 
液晶显示单元 TFT 基本电路的主要由扫描电路与驱动电路构成（如图 1-3）。
其中扫描信号负责每个子像素的场效应管的开关，驱动信号负责提供每个子像素
的 ITO 电极的充电电压，液晶在不同大小的电压作用下发生不同角度的旋转。如
图 1-4 所示，在 TFT-CF 面板的上下两面贴有偏振轴互为 90 度的偏光板，底部的
背光源只有在面板间的液晶分子发生旋转的情况下才有机会从上偏光板射出以
被人眼感知。故在扫描信号打开子像素点的 ITO 后，驱动信号给 ITO 单元充电的
电压影响液晶旋转角度从而影响显示亮度。 
 


















提供驱动信号与扫描信号的芯片基本尺寸为 20.0 mm（长）* 1.0mm（宽）W 
* 0.3（高），但每颗芯片上约集成 400～500 个引脚，每个引脚的尺寸为 80um
（长）*12 um（宽）* 15um（高）（如图 1-5 IC 管脚 Bump 照片），芯片的每一
个管脚都独立控制一个 Pixel 的信号。 
 
 
           
 
芯片每一个管脚由异方向性导电膜（ACF:Anisotropic Conductive Film ）
受热受力后压合与 TFT 玻璃上。导电膜上的导电粒子（直径 3um）由被管脚 Bump
与 Cell PAD）捕获后直接接触实现信号的导通，如图 1-6 所示。芯片上每个引
脚与 TFT 上的电路的压合质量直接影响信号传输效果与稳定性。 
图 1-3 TFT 基本电路示意
图 1-5 IC 管脚 Bump 照片 
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